Histamine is a toxic compound produced by bacteria at higher temperature in seafoods. It not only causes heath risk to the consumer, but also causes economic loss to the seafood exporters if it exceeds the maximum permissible limit. In this study, effect of storage temperature (-20 o C, 0 o C, 10 o C and 30 o C) on histamine formation in eviscerated and uneviscerated Indian mackerel (Rastrelliger kanagurta) were tested with different time intervals (1-10 days) using enzymatic methods. Maximum level of histamine formed in eviscerated fishes was 2.0 mg/100g at -20 o C for 10 days, 3.56 mg/100g at 0 o C for 4 days, 7.6 mg/100g at 10 o C for 2 days, 10.75 mg/100g at 20 o C for 2 days and 19.3mg/100g at 30 o C for 1day of storage. Whereas, in uneviscerated fish the histamine level was 3.4 mg/100g at -20 o C for 10 days, 6.73mg/100g at 0 o C for 4 days, 10.1mg/100g at 10 o C for 2 days, 16.56mg/100g at 20 o C for 2 days and 22.33 mg/100g at 30 o C for 1 days of storage. Bacterial growth at -20 o C and after 7 days of storage exceeded the maximum acceptable level of 7 CFU/g set by the International Commission on Microbiological Specification for Foods. Klebsiella sp and Erwinia sp were identified as strong histamine producer from R. kanagurta fish muscle. This study revealed that the freshly caught fish had shown negligible level of histamine in its muscle. After the fish stored at different temperatures for l day it has reached a deplorable level. The present findings would be very helpful to control the histamine formation in R. kanagurta and other pelagic fish species during ice storage and in fish processing industry.
Introduction
Indian mackerel (Rastrelliger kanagurta) is an important fishery resource in India, especially along Sadayan Paramasivam, Balakrishnan Balachandar, and Abimannan Arulkumar / American Journal of Advanced Food Science and Technology (2015) Vol. 3 No. 2 pp. 94-106 95 the southwest coast of India as well as an important feed item for seer fishes and tuna varieties Vivekanandan et al. (2009) . R. kanagurta contains the free amino acid histidine in its muscle and that may be liberated through proteolysis. The presence of microorganisms with amino acid decarboxylase which induces decarboxylase activity facilitates the accumulation of histamine (Zarei et al. 2011; Bjornsdottir et al. 2011; EFSA, 2011) .
Histamine poisoning is a chemical intoxication caused by consumption of food containing toxic levels of histamine (Ababouch et al. 1991 . Fresh fish meat contains negligible histamine. But improper handling and storage of fish products could increase histamine formation by the bacteria that possess the enzyme histidine decarboxylase Rawles et al. (1996) . The Enterobacteriaceae are mainly involved in histidine decarboxylase activity (Kim et al. 2003 & Tsai et al. 2005 . Other bacterial species including Clostridium spp., Vibrio spp, Acinetobacter sp, Pseudomonas spp, and Photobacterium spp have been reported as histamine producers . Histamine formation in fish meat during storage is mainly affected by fish species, pre processing and storage condition. Since, histamine producing bacteria such as Morganella morganii, Citrobacter braakii, Hafnia alvei and Raoultella planticola are mesophiles, storage time and temperature had influence on histamine production by these bacteria Jaing et al. (2013) . Storage at a temperature lower than 4 o C and avoidance of prolonged handling at ambient temperature could minimize histamine formation in fishery products Economou et al. (2007) . In general, freshness of fishes is highly affected by the length of storage conditions Park et al. (2010) .
R. kanagurta is generally marketed in fresh form and stored in ice. Bacteria that enter into fish body through gill and presence of food particles in intestine can favour to spoil the fish and produce histamine after death. Information pertaining to the formation of histamine in eviscerated and uneviscerated R. kanagurta fish muscles during different time of storage is meagre. Therefore, the present study has been made to test the histamine production in an eviscerated and uneviscerated R. kanagurta under different storage conditions along with a change of the pH and TVB-N to evaluate their potential relationship.
Materials and Methods

Chemicals and reagents
Histamine dihydrochloride, Leucocrystal violet, Diamine oxidase (DAO), Horse radish peroxidise (HRP) and o-phthaldialdehyde with high purity (98%) was obtained from Sigma Aldrich (USA). Other higher grade chemicals and reagents were purchased from Merck (Germany) and Hi Media (India). Triple deionised water was used for all reagents, media throughout the study chemical preparation. All glasswares and plasticwares were given triple wash with deionised water.
Collection of fish samples
R. kanagurta fish samples were collected from Thondi coast, (Latitude: 9 o 44' N and Longitude: 79 o 00E), Palk Bay, Southeast India and brought to the laboratory under controlled temperature (0 o C) in sterile polythene bags. The fishes were cleaned with sterile seawater to remove extraneous dirt and immediately transferred to laboratory. Some of the fishes were eviscerated and other fishes Sadayan Paramasivam, Balakrishnan Balachandar, and Abimannan Arulkumar / American Journal of Advanced Food Science and Technology (2015) Vol. 3 No. 2 pp. 94-106 96 were left uneviscerated. These fishes were kept in separate polythene covers, sealed and stored at -20 o C (10 days), 0 o C (4 days), 10 o C (2 day), 20 o C (2 days) and 30 o C (1 day) in aseptic condition.
Histamine analysis
Histamine content from R. kanagurta muscle samples were estimated by the enzymatic assay method as described by Lerke et al. (1983) and Lopez-Sabater et al. (1994) . Fish muscle 5 gram each were homogenized twice with 50 ml of 0.4N perchloric acid followed by centrifugation (REMI, CPR 30 PLUS, India) at 3000 rpm for 10 min. The volume of the supernatant was made up 20 ml with 100 ml of 0.4N perchloric acid. From the supernatant, 5 ml was transferred into the filtration unit and the filtrate was taken into a separating funnel 5 ml of 1N NaOH, 10 ml of deionised water and 2.0g of NaCl were added. The supernatant was then extracted 4 times consecutively with 25 ml of n-butanol. The butonolic phases were again washed with 10 ml of 1N NaOH saturated with NaCl. The histamine was then extracted 5 times with 10 ml of 0.1N HCl and the volume was adjusted to 50 ml. The histamine was finally derivatized with o-opthaldehyde to minimize the interference of other components already present in fish muscle samples Vidal-Carou et al. (1990) .
Sample extract and standard histamine dihydrochloride 0.5 ml was transferred into a test tube. One ml of phosphate buffer (0.0075 M KH2 PO4 and 0.075 M Na2 HPO4, pH 6.8), 0.5 ml of diamine oxidase (0.35 U I /ml) and 0.1 ml of leucocrystal violet (0.5mg/ml in 0.5% HCL) were added. The mixture was incubated in a thermostatic water bath at 37 o C for 30 min. Finally, the coloured test solutions were measured at 596 nm using a UV-VIS, PC Scanning spectrophotometer UVD-2960 (Labomed, Inc., USA). The histamine concentration in fish muscle samples were calculated using the following formula.
Histamine (mg/100g) = OD of sample x concentration of standard OD of standard = histamine mg/100g of fish muscle
pH measurement
For the measurement of pH, 10g of eviscerated and uneviscerated R. kanagurta muscle samples were homogenized in sterile blender with 10 ml of triple deionized water to make thick paste like slurry. The pH of this slurry was measured using a pH meter (Eutech Instruments, Malaysia).
Determination of total volatile base-nitrogen (TVB-N)
The TVB-N content of R. kanagurta muscle was measured by the Conway's dish diffusion method Cobb et al. (1973) . The TVB-N extract of fish muscle in 6% trichloroacetic acid (TCA) (Merck, Germany) was absorbed by boric acid and then titrated with 0.02N Hydrochloric acid. The content of TVB-N was calculated and expressed as mg/100g of muscle sample.
Enumeration of total heterotrophic bacteria (THB) and histamine producing bacteria
Samples were taken from the anterior dorsal portion of R. kanagurta. Ten gram of each fillets were individually transferred aseptically into the stomacher bag and 90 ml physiological saline (0.85% Nacl, W/V) with 0.1% peptone (W/V) was added. The mixture was homogenized for 50 to 60 seconds with stomacher. The supernatant was decimally diluted and 100µl was spread onto Tryptone Glucose Agar (TGA) (Hi-media Mumbai, India) plates for enumeration of THB. From the fish sample stored at different temperatures viz., -20, o, 10, 20, and 30 o C, 100 µl was spread on to the TGA agar plates and incubated for 24hrs at 30 o C for 2 days Radtong et al. (2005) . Enumeration of histamine producing microorganisms was done in triplicate and the population density was expressed in CFU. g -1 .
Isolation of histidine decarboxylating bacteria (HDB)
One ml of serially diluted homogenate (fish muscle), was individually poured onto the petriplates containing Nivens medium Niven et al. (1981) and modified Nivens medium Yoshinaga and Frank, (1982) . These plates were incubated at 28±2 o C for 2 days. Colonies that exhibited purple halo around in Nivens medium and pink halo in modified Nivens medium were considered as positive. Based on the results, positive colonies were randomly picked and inoculated onto trypticase soya agar (TSA) plate for purification and phenotypic identification Papadopoulos et al. (2003) . The histamine producing ability of the positive colonies were further confirmed by thin layer chromatography (TLC) as described by Garcia-Moruno et al. (2005) .
Statistical analysis
The effects of storage time and temperature on formation of histamine and TVB-N content were analyzed using the Pearson correlation test and significance (P<0.01 and P<0.05) was assessed by using SPSS version 16.0 (SPSS inc., Chicago, IL., USA).
Results and Discussion
The change in histamine content in muscle of R. kanagurta fish stored at -20, 0, 10, 20, and 30 o C are presented in Table 1 . In the present study, low at level of histamine (2 mg/100g) was found in eviscerated Indian mackerel fish stored at -20 o C for 10 days (Table 1 ). Similar to our findings, Chytiri et al. (2004) reported low level of histamine (0.16 mg/100g) in Rainbow trout during 18 days of storage at 0 o C. In contrast, histamine was not detected in fresh Rainbow trout, Herring, Sea bass and Sardine at 0 o C during 0 days of storage (Chytiri et al. 2004; Ozogul et al. 2002; Paleologos et al. 2004 and Ozogul, 2006 ). In this study higher level of histamine was found in eviscerated fish (19.33 mg/100g) and uneviscerated fish (22.33 mg/100g) at 30 o C. The higher level of histamine formation could be due to the presence of precursor amino acid histidine, histamine producing bacteria and favourable temperature in the eviscerated and uneviscerated fish muscle of R. kanagurta. In contrast to the present study, Jiang et al. (2013) have reported highest level (2080 mg/kg) of histamine in eviscerated mackerel (Pneumatophorus japonicus) after 48h storage at 25 o C. Whereas, higher level of histamine of 2.50mg/100g during 0 o C storage, 14.50 mg/100g during 6 h storage, 19.50 mg/100g during 12hr storage and 75.00mg/100g during 24hr storage was reported from uneviscerated mackerel Patange et al. (2005) .
In the present study, maximum histamine content of 22.33±1.44 mg/100g was found in uneviscreated fish muscle and this value has exceeded the maximum permissible limit of 5 mg/100g set by FDA, (2011). The histamine levels well correlated with storage time and temperature (r =0.9802, P<0.01) ( Table 5 ). In contrast, Bita et al. (2013) reported that the level of histamine increased to 70.37µg/g in fresh uneviscerated orange-spotted grouper (Epinephelus coioides) muscle during the 12 th day of storage at 0 o C. In this study, the histamine level increased to (Table 5 ). Increase in pH during storage is mainly due to the increase in total volatile base nitrogen, ammonia, primary and secondary amine formation of fish muscle of R. kanagurta. Li et al. (2013) reported that increase in pH during storage also increases TVBN, ammonia and trimethylamine produced by either microbial and/or endogenous enzymes. Similarly, reported low level of pH 6.57 to 6.60 in uneviscerated Marlin fillet (Makaira nigricans) stored at 4 o C. Afilal et al. (2006) reported pH 6.0 to 6.3 from sardine and this pH favoured the formation of histamine by metabolic pathway of free amino acid decarboxylase. pH of uneviscerated orange spotted grouper (Ephinepelus coioides) reported by Bita et al. (2013) was lower value than our present finding. Similarly, Widiastuti et al. (2013) have reported low level of pH ranging from 5.91 to 6.01 from uneviscerated Loin tuna (Thunnus albacores) during 15 days of chilled storage. Yongjin et al. (2007) have documented that low level of pH could accelerate the accumulation of amino acids and it could prompt biogenic amine formation. Ozyurt et al. (2009) have suggested that the level of pH associated with the content of ammonia derived compounds and furthermore increase in the microbial activity during the storage results in food spoilage. Benjakul et al. (2003) highlighted that post-mortem change in fish muscle occurs owing to both endogenous and exogenous enzymatic activity and bacterial spoilage. The highest TVB-N content 60.46 mg/100 was recorded in R. kanagurta muscle at 20 o C during 2 days of storage (Table 2 ). In the present study, TVB-N was statistically significant with histamine r=0.94497, P<0.01. TVB-N level also correlated well with bacterial load (CFU/g) r =0.98598, P<0.01 (Table 4 ). The TVB-N is generally associated with the growth of bacteria and can be used as indicators of fish spoilage. Rodriguez et al. (2005) reported that high level of TVB-N content of 84 mg/100g after 8 days of flake ice storage from the horse mackerel muscle. This is higher than the maximum acceptable level of 35mg/100g of TVB-N in fish muscle Ruiz-Capillas and Moral, (2001) . Afilal et al. (2006) have reported high level of TVB-N content of 161.28 mg/100g in eviscerated sea bass after 24hr of storage at 30 o C. But, lower TVB-N content of 31mg/100g was recorded in horse mackerel after 22 days of storage in slurry ice Rodriguez et al. (2005) . Changes in THB count in R. kanagurta stored at different temperatures are given in Table 3 . The present study showed that the initial THB of eviscerated R. kanagurta ranged from 1.54 log CFU g -1 to 9.2 log CFU g -1 and uneviscerated fish was 2.33 log CFU g -1 to 11.03 log CFU g -1 during storage at -20 o C. This value has reached 7 log CFU/g -1 , the upper limit set by the International Commission on Microbiological Specification for Foods (ICMSF, 1986) for raw seafoods. Storage at -20 o C, the THB count increased after 7 days of storage and reached above 10.9 log CFU/g after 10d ays of storage in eviscerated fish and 11.03 log CFU/g during 10 days of storage in uneviscerated fishes of R. kanagurta. Whereas, the eviscerated and uneviscerated fish muscle samples stored at 0 o C, 10 o C, 20 o C and 30 o C showed rapid increase in THB count (Table 3) . Similarly Jiang et al. (2013) documented that the higher bacterial count rapidly increased to 8.0 log CFU/g -1 on 48 hr storage in mackerel P. japonicus. The THB counts was 6.62 log CFU g -1 in eviscerated fish muscle and 7.34 log CFU g -1 in uneviscerated fish muscle after 1 day of storage at 30 o C. If the bacterial population reach this level (i.e. 6-7 log CFU. g -1 ) it could possibly produce 50 µg of histamine (USFDA, 2001; Al Bulushi et al. 2009 ). Widiastuti et al. (2013) reported that, the level of TPC varied from 2.0 to 3.5 log CFU/g -1 during 15 days of storage of Thunnus albacores fish muscle. Likewise, Bita et al. (2013) reported that mesophilic bacteria ranged from 2.0 to 4.61 log CFU/g -1 during the ice storage of Epinephelus coioides and remained low. Mean±S.D for all triplicate determinations. Bita et al. (2013) , Jiang et al. (2013) and Kim et al. (2009) that the growth of psychrophilic bacteria accelerated faster than mesophilic bacteria and they play a considerable role in fish spoilage. 
Conclusion
Histamine formation in fish muscles during storage and at different temperature is mainly affected by the fish species, storage condition and processing. In this study, varying pH affect the water holding capacity that leads to fish spoilage. The level of TVB-N content increased due to autolysis and enzymatic change in fish muscle during storage conditions. Histamine content in both eviscerated and uneviscerated fish muscles have reached beyond the level for human consumption i.e. 5 mg/100g USFDA, (2001) after storage at 20 o C and 30 o C for considerable durations. Therefore, this study brings to light that adequate storage facility with rapid cooling system is necessary after
